The synthesis, spectroscopic data and crystal and molecular structures of four 3-(3-phenylprop-1-ene-3-one-1-yl)thiophene derivatives, namely 1-(4-hydroxyphenyl)-3-(thiophen-3-yl)prop-1-en-3-one, C 13 H 10 O 2 S, (1), 1-(4-methoxyphenyl)-3-(thiophen-3-yl)prop-1-en-3-one, C 14 H 12 O 2 S, (2), 1-(4-ethoxyphenyl)-3-(thiophen-3-yl)prop-1-en-3-one, C 15 H 14 O 2 S, (3), and 1-(4-bromophenyl)-3-(thiophen-3-yl)prop-1-en-3-one, C 13 H 9 BrOS, (4), are described. The four chalcones have been synthesized by reaction of thiophene-3-carbaldehyde with an acetophenone derivative in an absolute ethanol solution containing potassium hydroxide, and differ in the substituent at the para position of the phenyl ring: -OH for 1, -OCH 3 for 2, -OCH 2 CH 3 for 3 and -Br for 4. The thiophene ring in 4 was found to be disordered over two orientations with occupancies 0.702 (4) and 0.298 (4). The configuration about the C C bond is E. The thiophene and phenyl rings are inclined by 4.73 (12) for 1, 12.36 (11) for 2, 17.44 (11) for 3 and 46.1 (6) and 48.6 (6) for 4, indicating that the -OH derivative is almost planar and the -Br derivative deviates the most from planarity. However, the substituent has no real influence on the bond distances in the ,-unsaturated carbonyl moiety. The molecular packing of 1 features chain formation in the a-axis direction by O-HÁ Á ÁO contacts. In the case of 2 and 3, the packing is characterized by dimer formation through C-HÁ Á ÁO interactions. In addition, C-HÁ Á Á(thiophene) interactions in 2 and C-HÁ Á ÁS(thiophene) interactions in 3 contribute to the three-dimensional architecture. The presence of C-HÁ Á Á(thiophene) contacts in the crystal of 4 results in chain formation in the c-axis direction. The Hirshfeld surface analysis shows that for all four derivatives, the highest contribution to surface contacts arises from contacts in which H atoms are involved.
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Chemical context
Chalcones, typically referred to as Michael acceptors, can react with nucleophiles at the electrophilic -position of the unsaturated system (Amslinger, 2010) . Many chalcone derivatives containing an ,-unsaturated carbonyl show potential biological applications such as being effective against amyloid -induced cytotoxicity (Bukhari et al., 2014) and irreversibly angiotensin-converting enzyme inhibitors (Hea-Young Park Choo et al., 2000) .
Thiophene, C 4 H 4 S, belongs to a class of aromatic fivemembered heterocycles containing one S heteroatom. Many thiophene derivatives exhibit biological activities: antibacterial (Mishra et al., 2012) , antiallergic (Gillespie et al., ISSN 2056-9890 
Supramolecular features
In chalcone derivative 1, which crystallizes in the orthorhombic space group Pbca, the -OH substituent is involved as donor in intermolecular O16-H16Á Á ÁO9 i [symmetry code: (i) x + 1 2 , y, The moleculare structure of 2 showing 50% displacement ellipsoids.
Figure 1
The moleculare structure of 1 showing 50% displacement ellipsoids.
Figure 3
The moleculare structure of 3 showing 50% displacement ellipsoids.
Figure 4
The moleculare structure of 4 showing 50% displacement ellipsoids. The minor-disorder component is shown in light blue. intermolecular C11-H11Á Á ÁO16 hydrogen bonding (Fig. 5 , Table 1 ).
Crystals of 2-4 belong to the monoclinic space group P2 1 /c. The crystal packing of 2 is characterized by inversion-dimer formation between the methoxy groups by weak C17-H17BÁ Á ÁO16 i interactions [H17Á Á ÁO16 i = 2.61 Å ; symmetry code (i): Àx + 1, Ày + 2, Àz + 2] and C-HÁ Á Á(thiophene) interactions (C5-H5Á Á ÁCg1
ii and C11-H11Á Á ÁCg1 iii ; for details see Table 2 and Fig. 6 ).
In the packing of 3, C2-H2Á Á ÁO9 i interactions result in dimeric units forming rings of R 2 2 (14) graph-set motif [symmetry code (i): 1 À x, 1 À y, 2 À z; Table 1 Hydrogen-bond geometry (Å , ) for 1. Table 2 Hydrogen-bond geometry (Å , ) for 2.
Cg1 is the centroid of the S1/C2-C5 ring. 
Figure 6
Partial crystal packing of 2 showing dimer formation through C-HÁ Á ÁO (red dashed lines) and C-HÁ Á Á interactions [grey dashed lines; Cg1 is the centroid of the thiophene ring; symmetry codes: Partial crystal packing of 1 showing the intermolecular hydrogen-bonding interactions as red dashed lines (see Table 1 for details). Table 3 Hydrogen-bond geometry (Å , ) for 3.
Symmetry code: (i) Àx þ 1; Ày þ 1; Àz þ 2.
Figure 7
Formation of sheets of molecules of 3 by C-HÁ Á ÁO and C-HÁ Á ÁS interactions [red dashed lines; symmetry codes: (i) Àx + 1, Ày + 1, Àz + 2, (ii) Àx + 2, Ày + 1, Àz + 2, (iii) x À 1, y, z] Table 4 Hydrogen-bond geometry (Å , ) for 4.
Cg1 and Cg2 are the centroids of the major-and minor-disorder components of the thiophene ring, respectively. symmetry code: (iii) x À 1, y, z]. These intermolecular interactions result in the formation of sheets of molecules parallel to the ac plane (Fig. 7) . In the packing of 4, chains running in the c-axis direction are formed by C5-H5Á Á Á(thiophene) interactions (Table 4 , Fig. 8 ). At the other side of the molecule, the closest contact for the Br16 atom is with H14 [Br16Á Á ÁH14 i = 3.23 Å ; Fig.8 No voids or -stackings are observed in the crystal packing of 1-4.
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.40, update of February 2019; Groom et al., 2016) for 3-(3-thienyl)prop-2-en-1-one gave three hits, viz. AYUPIU (Shalini et al., 2011) , IBIRUJ (Oyarce et al., 2017) and UNAJIE (Baggio et al., 2016) .
The configuration about the double bonds in the symmetrical 1,5-bis(thiophen-3-yl)penta-1,4-dien-3-one (AYUPIU; Shalini et al., 2011) is twice E. The dihedral angle between the terminal thiophene rings is 15.45 (10) . In the crystal packing, C-HÁ Á ÁO interactions link the molecules into arrays in the ac plane that are further connected by C-HÁ Á Á interactions.
Both thiophene rings in 3-hydroxy-1-(thiophen-2-yl)-3-(thiophen-3-yl)prop-2-en-1-one (IBIRUJ; Oyarce et al., 2017) are disordered; the major-disorder components are inclined to each other by 12.1 (3)
. Chains of molecules running in the caxis direction are formed through C-HÁ Á ÁO interactions.
In the crystal of 1,3-bis(3-thienyl)prop-2-en-1-one (UNAJIE; Baggio et al., 2016) , the stereochemistry about the double bond is E and the dihedral angle between the thiophene rings is 8.88 (10) . Columns of stacking molecules along [010] indicate that -interactions play an important role in the crystal packing, together with C-HÁ Á ÁO hydrogen bonds between the columns.
A search for 1-phenyl-3-(2-thienyl)prop-2-en-1-one allowing substitution at the phenyl ring resulted in 19 hits of which the compound 1-(4-bromophenyl)-3-(2-thienyl)prop-2-en-1-one (GENXED; Patil et al., 2006; GENXED01; Arshad et al., 2017) is the 2-thienyl derivative of 4. In addition to similar cell parameters, the thiophene ring also shows rotational disorder [ratio 0.791 (2):0.209 (2) for GENXED; Patil et al., 2006] and the angles between thiophene and phenyl rings are comparable [46.49 (11) and 48.4 (3) for GENXED; Patil et al., 2006] .
Hirshfeld surface analysis
The Hirshfeld surface analysis (Spackman & Jayatilaka, 2009 ) and the associated two-dimensional fingerprint plots (McKinnon et al., 2007) were performed using CrystalExplorer (Turner et al., 2017) . The Hirshfeld surfaces of compounds 1-4 mapped over d norm are given in Fig. 9 . The relative distributions from the different interatomic contacts to the Hirshfeld surfaces are presented in Table 5 .
The bright-red spots in Fig. 9a near atoms O16 and O9 are indicative for the O16-H16Á Á ÁO9 hydrogen bond in the crystal packing of 1. The additional faint-red spots illustrate C-HÁ Á ÁO interactions. The most significant contributions to the Hirshfeld surface are from CÁ Á ÁH/HÁ Á ÁC (30.4%), HÁ Á ÁH (28.8%) and OÁ Á ÁH/HÁ Á ÁO (18.5%) contacts (Table 5) .
For compound 2, the donor and acceptor of the relatively weak C17-H17BÁ Á ÁO16 interaction are viewed as diminutive red spots near atoms H17B and O16 in Fig. 9b . The C-HÁ Á Á(thiophene) interactions are indicated by the high contribution from CÁ Á ÁH/HÁ Á ÁC contacts (33.9%) to the Hirshfeld surface (Table 5) .
The bright-red spots in Fig. 9c near atoms O9 and H2 of 3 refer to the strong C2-H2Á Á ÁO9 dimer formation, while the faint-red spots near atoms O16 and H14 are indicative for the relatively weak C14-H14Á Á ÁO16 dimer formation. Near atom Fig. 9d ) shows no short interatomic contacts. Again the C-HÁ Á Á interaction with the disordered thiophene ring is reflected in the high contribution from CÁ Á ÁH/HÁ Á ÁC contacts (32.6%) to the Hirshfeld surface (Table 5) .
For the four derivatives, the largest contributions of interatomic contacts to the Hirshfeld surface are contacts in which H atoms are involved (Table 5 ).
Synthesis and crystallization
The reaction scheme to synthesize the title compounds 1-4 is given in Fig. 10 .
Synthesis of a,b-unsaturated ketone compounds 1-4: In a 250 mL beaker, thiophene-3-carbaldehyde (0.1 mole) and substituted acetophenone (0.1 mol) were dissolved in ethanol (100 mL). To this mixture, a 50% KOH (10 mL) solution was added and the mixture was stirred by a magnetic stirrer for 5 h at room temperature until a precipitate appeared. The products 1-4 were obtained as solids, which were filtered under low pressure and recrystallized from ethanol.
Data for 3-(3-(4-hydroxyphenyl)prop-1-ene-3-one-1-yl)-thiophene (1) 
Figure 10
Reaction scheme for the title compounds 1-4.
[Bruker XL-500, 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 6 .
All H atoms were placed in idealized positions and refined in riding mode, with U iso (H) values assigned as 1.2U eq of the parent atoms (1.5 times for methyl groups), with C-H distances of 0.93 (aromatic and CH), 0.96 (CH 3 ) and 0.97 Å (CH 2 ), and O-H distances of 0.82 Å (rotating OH).
In 4, the thiophene ring was disordered over two positions [population parameters 0.702 (4) and 0.298 (4)] and was refined with restraints for the bond lengths and angles in the ring. The anisotropic temperature factors for atoms S1, C2, C4 and C5 in both orientations were constrained to be equal. In program(s) used to refine structure: SHELXL (Sheldrick, 2015b); molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009) .
1-(4-Hydroxyphenyl)-3-(thiophen-3-yl)prop-1-en-3-one (1)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. S1-C2-C3-C6 −177.0 (2) C8-C10-C11-C12 −176.7 (2) C2-S1-C5-C4 0.5 (3) C8-C10-C15-C14 178.6 (2) C2-C3-C4-C5 0.3 (4) O9-C8-C10-C11 165.4 (2) C2-C3-C6-C7 179.4 (3) O9-C8-C10-C15 −13.6 (3) C3-C4-C5-S1 −0.5 (3) C10-C11-C12-C13 −2.3 (4) C3-C6-C7-C8 −175.4 (2) C11-C10-C15-C14 −0.5 (3) C4-C3-C6-C7 2.7 (4) C11-C12-C13-C14 0.3 (3) C5-S1-C2-C3 −0.3 (3) C11-C12-C13-O16 −179.7 (2) C6-C3-C4-C5 177.3 (2) C12-C13-C14-C15 1.6 (3) C6-C7-C8-O9 9.1 (4) C13-C14-C15-C10 −1.5 (4) C6-C7-C8-C10 −172.3 (2) C15-C10-C11-C12 2.4 (3) C7-C8-C10-C11 −13. 
1-(4-Methoxyphenyl)-3-(thiophen-3-yl)prop-1-en-3-one (2)
Crystal data Extinction coefficient: 0.0141 (16)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes: (i) −x, y−1/2, −z+1/2; (ii) x, −y+3/2, z+1/2.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å

1-(4-Ethoxyphenyl)-3-(thiophen-3-yl)prop-1-en-3-one (3)
Crystal data Extinction coefficient: 0.0073 (17) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
1-(4-Bromophenyl)-3-(thiophen-3-yl)prop-1-en-3-one (4)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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